Alpha-hemolytic plasmids belonging to four different incompatibility groups contained several copies (two to six) of the same DNA sequence. This sequence was capable of illegitimate recombination and thus behaved as an insertion sequence element. Its size (1.9 kilobases) and restriction enzyme cleavage map suggested that it was different from previously described insertion sequence elements.
Transposable elements are sequences of DNA that are able to promote a number of illegitimate recombination events. In Escherichia coli, they can act in the absence of a functional Rec system. Insertion sequence (IS) units are defined as transposable elements that do not encode any known phenotypically identifiable proteins (10) .
The genetic information required for the production of the toxin a-hemolysin of E. coli resides in a 5-kilobase (kb) segment of DNA which is present in plasmids of different incompatibility groups (Hly plasmids) (5, 6, 12) that share a wide range of homology in their DNA sequences (7) . Hly plasmids can undergo genetic recombination leading to recombinants containing different portions of the parental plasmids, but the recombination process is not understood and, particularly, no discrete transposable elements have been found (13) . We report here the occurrence of a 1.9-kb IS element, which we call IS-Hly, in one Hly plasmid and the presence of similar DNA sequences in other Hly plasmids.
The ability of different Hly plasmids to mobilize the chloramphenicol resistance (Cm9 marker of plasmid pACYC184 (2) was analyzed. Plasmid pACYC184 lacks the proteins necessary to promote its own mobilization and the site at which these proteins act (15); furthermore, it does not contain any sequence homologous to those of the Hly plasmids used in this work, as detected by Southern hybridization (5). Thus, conjugal transmission of pACYC184 must be brought about by its physical linkage with the tra+ Hly plasmids. This form of transmission has been called conduction (3) and is thought to be promoted by transposable elements by means of the formation of cointegrates between the plasmids involved. Table 1 shows the results of such conduction experiments. All four Hly plasmids tested were able to promote the transfer of pACYC184 at frequencies of 10-6 to 10-7 per transconjugant plasmid. This cotransfer of pA-CYC184 and Hly plasmids was equally efficient from a recA background (strains SU105 and SU106), ruling out the involvement of homologous recombination. Strain SU107 was one of the transconjugants from the mating SU102 x UB1636. When analyzed on agarose gels, strain SU107 showed three plasmid species of 102, 96, and 6.0 kb; the 96-kb band showed a lower relative intensity (data not shown). When UB5201 was transformed to Cmr with DNA obtained from SU107, the 6.0-kb plasmid was obtained. Figure 1 shows the restriction map of this plasmid (pSU234). It shows an insertion of 1.9 kb within the 4.1-kb plasmid pACYC184. When SU107 was mated with UB5201, two types of transconjugants could be obtained. About 5% were Hly+ but Cms and contained a plasmid of 96 kb; its restriction patterns for enzymes EcoRI and HindIl were identical to those of the original pSU233 (whose pattern is shown in Fig. 1 (Fig. 1) . As pA-CYC184 is only 4.1 kb, there is about 2.0 kb of DNA whose origin is not clear. This sequence could represent the duplication of the insertion sequence isolated in pSU234 (1.9 kb; see below). When plasmid DNA was prepared after repeated a The term "conduction" is used in accordance with Clark and Warren (3) . Donor strains were grown for 4 days at 30°C on nutrient agar plates. They were then mixed with approximately the same number of cells (-108) of the recipient strain UB1636 (trp lys his F-Smr E. coli K-12) and spread on membrane filters, and the filters were incubated for 6 h at 37°C on the surface of nutrient agar plates. The cells were then suspended in broth, and suitable dilutions were plated on the indicated selection media. b Strains SU101, SU102, SU103, and SU104 are derived from strain C600 (F-thr leu thi lac). Strain C600 was first transformed with plasmid pACYC184 (2) . Subsequently, the Hly plasmids pSU105, pSU233, pSU316, and pHlyl52 originally present in strain EC185 (3; F-, prototroph, nalidixic acid resistant) were conjugated into C600(pACYC184), giving rise to strains SU101, SU102, SU103, and SU104, respectively. Strains SU105 and SU106 were constructed in the same way, except that the host strain was UB5201 (F-pro met recA56).
c All of the Hly plasmids have been described (6) with the exception of pHlylS2 (11) . Inc(pSU233) means that this plasmid was compatible with all prototypes tested (6) .
d Expressed as the number of Cmr transconjugants per Hly+ transconjugant. UB5201(pSU234) by centrifugation of Triton X-100-cleared lysates of that strain in cesium chloride-ethidium bromide density gradients (7) and mapped by analysis after single and double digestions with restriction enzymes EcoRI, HindIII, SalGI, BamHI, and PstI. Plasmid pACYC184 contains single sites for EcoRl, HindIII, BamHI, and SalGI. As pSU234 is Cmr (the cat gene in pACYC184 is located around the EcoRI site) and Tcr (the tet genes of pACYC184 lie across the HindIll, BamHI, and SaIGI sites), and the arrangement of the EcoRI, HindIII, BamHI, and SaIGI sites in pSU234 is the same as in pACYC184, we can conclude that the sequence inserted in pACYC184 to produce pSU234 must be represented by a 1.9-kb DNA segment that lies between coordinates 2.5 and 5.5 kb in the pSU234 map. (B) SalGI, BamHI, and HindIll restriction patterns of plasmids pSU235 (tracks 1) and pSU233 (tracks 2). Plasmid DNA was obtained as described above from strains UB5201(pSU235) and UB5201(pSU233) and digested with the relevant restriction enzyme for 1 h at 37C. The products of such digestions were run in 1.0% agarose gels in the presence of ethidium bromide (0.5 ,ug/ml) as described previously (5 growth of strain UB5201 (pSU235), only the 102-kb plasmid species was observed. Thus, it can be assumed that plasmid pSU235 is stable in the recA background of strain UB5201. The weak presence of the 96-kb plasmid in strain SU107 can be explained by assuming that pSU235 and pSU233 are incompatible, and thus pSU233 tends to be eliminated when selection pressure (Cm') is applied in the construction of SU107.
When the products of the mating SU105 x UB1636 were analyzed, results similar to those described for SU102 x UB1636 were found. Thus, the rec character of the donor did not affect the final structure of the conjugation products.
We assume from these data that the three plasmid species present in strain SU107 can be explained in the following way: transposition of the IS present in pSU233 to pACYC184 produces the cointegrate plasmid pSU235, which can then be transferred by conjugation. Plasmid pSU235 is an unstable cointegrate in the recA+ background of strain UB1636 and breaks down, producing pSU234 and pSU233 as resolution products. Six to twenty-four transconjugant colonies from each of the matings shown in Table 1 were examined by agarose gel electrophoresis of cleared lysates and restriction analysis (data not shown). In all matings shown in Table 1 , the transconjugants produced could be explained in the same way as for SU107. However, many of the pACYC184 recombinants were much larger than pSU234. Presumably, they were produced by resolution of the cointegrates across any of several different copies of the repeated sequences present in the Hly plasmids (see below; J. C. Zabala, F. de la Cruz, and J. M. Ortiz, manuscript in preparation).
Plasmid pSU234 was transcribed in vitro, and the labeled RNA transcripts were hybridized to restriction fragments of pSU233, pSU105, pSU316, and pHlyl52 in Southern blot experiments as described previously (5) (Fig. 2) . Plasmid pACYC184 contained no sequence homologous to those of the Hly plasmids that could be detected by this technique (5) . Thus, all of the homologous bands must represent the homology of the Hly plasmids with the sequence inserted in pACYC184 to produce pSU234. This inserted sequence (located between coordinates 2.5 and 5.5 kb on the pSU234 map of Fig. 1 ) did not contain sites for either EcoRI or HindlIl. Thus, the number of hybridizing bands must represent the minimum number of copies of this sequence in the particular plasmid.
Plasmid pSU233 (the parental plasmid from which the recombinant pSU234 was constructed) showed at least three copies of the sequence, present in EcoRI fragments D, F and/or G, and I and HindIl fragments A, C, and E. The hybridizing signal in EcoRI fragment F/G was about (-107 cpm) was hybridized for 42 h at 68°C against a single nitrocellulose filter containing all'of the blotted DNA fragments in a total volume of 5 ml as previously described (5) . The letters at the side of the photographs refer to the hybridizing fragments. The molecular weights of the EcoRI fragments can be found in reference 5. "x" indicates that the hybridizing band is a double band in the gel (i.e., F" symbolizes hybridization in restriction fragment F and/or G, etc., as described in the text). The weak hybridizing bands were clearly seen in the original autoradiogram. In vitro RNA transcripts of pSU234 hybridized to EcoRI fragments A, D, and E and to HindIII fragments A, B, C, E, H, and 0 of pSU105. The intensity of HindIII-C hybridization was double that of the others. Since the hybridizing EcoRI fragments were very large (>10 kb each), we assumed that the number of HindlIl bands that hybridized was a better estimate of the actual number of copies of the sequence, that is, at least six copies. The somewhat weaker intensity of all of the bands in pSU105 was probably just a reflection of the lower amount of plasmid DNA used in these gels.
On the other hand, the two copies of the sequence present in plasmid pSU316 (EcoRI fragments A and C and HindIlI fragments A and B) did not hybridize strongly in relation to the amount of DNA used in the experiment. It may be significant that pSU316 comes from a human isolate, whereas pSU233 and pSU105 are of porcine origin (6) . Thus, this weaker homology might reflect DNA sequence divergence of the copies of the element present in pSU316 from the ones in the other three plasmids used. The hybridization reactions were carried out under conditions that allowed reassociation to take place between sequences with a maximum of about 15% nucleotide mismatch.
Finally, in vitro RNA transcripts of pSU234 hybridized strongly to EcoRI fragments C and D and to HindIII fragment D and showed, in addition, weak hybridization with fragments EcoRI-E/F and -I and HindIII-A and -F/G of pHlyl52. Thus, plasmid pHlyl52 contained at least three or four copies of the repeated sequence.
The ubiquitous presence of this sequence in the Hly plasmids could explain the spread of the a-hemolysin gene among plasmids of different incompatibility groups (6) . It also suggests that the large range of homology found among these plasmids (7) is the result of recombinations promoted by these sequences (each single DNA segment bracketed by two ISs should be capable of illegitimate recombination). Although evolutionary divergence from a common ancestor will also produce this result, this seems unlikely to us, since we have compared the basic replicons of the Hly plasmids by Southern hybridization techniques and found that they are not related (J. C. Zabala, F. de la Cruz, and J. M. Ortiz, manuscript in preparation).
In other studies, pSU234 was observed to be transferred by plasmid R388 (4) at a frequency of 5 X 10-7 per Tpr transconjugant (Zabala et al., unpublished data). This system has been used by a number of workers to detect and analyze transposable elements (15; F. de la Cruz and J. Grinsted, submitted for publication). It is known that R388 cannot conduct pACYC184 by itself (i.e., limit of detection is <10-9). Thus, it would appear that the sequence inserted in pACYC184 to form pSU234 is itself able to promote illegitimate recombination events (namely, cointegrate formation with plasmid R388) and hence behaves as an IS element. If the inserted sequence in pSU234 represents a discrete IS element, it is larger than the known IS elements of E. coli (IS] to IS5; 10), IS10 of TnlO (8, 14) , and IS50 of TnS (1, 9) and only comparable to IS21, recently found in plasmid R68.45 (16) . Furthermore, this IS-Hly appears to be a new IS unit because, as shown in Fig. 1A , it does not contain restriction sites for PstI ( 
